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WILLIAMG. BEAZLEY 
ABSTRACT 

THEU.S. GOVERNMENT,
through the National Institute of Standards 
and Technology (NIST) (formerly the National Bureau of Standards) 
has long been active in developing standards for information sciences. 
Recently, several government organizations, particularly the 
Department of Defense (DoD), have begun using their enormous 
buying power to enforce standards on automatic data processing 
(ADP) hardware and software vendors and the contractors that use 
them. The most forceful of these programs is the DoD Computer-
Aided Acquisition and Logistic Support (CALS) program. 
INTRODUCTION 
One area impacted by CALS is Electronic Publishing Systems 
(EPS). EPS users doing business with the government (and eventually 
throughout U.S. industry) will see increased pressure to conform to 
these standards. The result will be permanent and far-reaching 
changes in the methods by which engineers and government 
contractors use EPS and view the databases they create. In particular, 
the information models developed in support of CALS requirements 
and standards will provide validated, processable discipline 
knowledge for design and support of defense and commercial 
products. The electronic publishing professional will serve as an 
integrator of document information, assuring its integrity as captured 
knowledge and its readiness for use in a variety of support applications 
and media. 
The CALS standards and specifications are being developed 
incrementally. The initial increment, called Phase 1 Core Require- 
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ments package, was developed and coordinated during 1987 and 1988. 
Core requirements refer to the minimum standards or procedures 
defined for CALS integrated data system procurement. Development 
of the Phase 	 1.2 standards and specifications is underway for 
coordination during 1989 and 1990. 
Documents released to date are shown in Table 1. These standards 
represent the formal release of CALS Phase 1 standards. The remainder 
to this article will be concerned with CALS standards for electronic 
publishing. 
TABLE1 
CALS DOCUMENTS TO DATERELEASED
Document 	 Title, Scope, and Focus 
MIL-STD-184OA 	 “Automated Interchange of Technical Information” (December 
22, 1987). Parent document for other CALS standards and 
specifications. Provides rules for organizing files of digital data 
into a complete deliverable document. 
MIL-D-28000 	 “Digital Representation for Communication of Product Data: 
IGES Application Subsets” (December 22, 1987, Amendment 1, 
December 20, 1988). Defines a series of application-specific subsets 
of Initial Graphics Exchange Specifications (IGES), the popular 
name for ANSI Y14.26M. 
MIL-M-28001 	 “Markup Requirements and Generic Style Specification for 
Electronic Printed Output and Exchange of Text” (February 26, 
1988). Defines a profile of Standard Generalized Markup Language 
(SGML), defined in IS0  8879, for Military documents. Describes 
tagging a document according to structure and content and will 
soon add an Output Specification (0s) for tagging format 
characteristics. 
MIL-R-28002 	 “Requirements for Raster Graphics Representation in Binary 
Format” (December 20, 1988). Defines engineering drawing and 
technical manual illustration requirements for raster graphics 
compressed in accordance with CCITT T.6, FAX Group 4, and 
FED-STD-1065. 
MIL-D-28003 	 “Digital Representation for Communication of Illustration Data: 
CGM Application Profile” (December 20, 1988). Defines an 
application profile for delivery of technical manual illustrations 
using Computer Graphics Metafile (CGM). CGM has been 
published as International Standard IS0 8632, ANSI X3.122, and 
FIPS 128. 
MIL-HDBK-59 	 “CALS Implementation Guide” (December 20, 1988). Provides 
guidance to military acquisition managers on preparing contract 
requirements addressing: (1) digital delivery or access to weapon 
system technical information, and (2) integration of contractor 
processes that create and use technical information. 
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PRODUCTDEFINITIONSTANDARDS 
The key to understanding how CALS will affect electronic 
publishing is the emerging relationship between product definition 
data, information models, and technical publications. Before CALS 
Phase 1, product definition data denoted the totality of data elements 
required to completely and accurately define a product. Product 
definition data includes the. geometry, topology, spatial relationships, 
material characteristics, tolerances, attributes, and features necessary 
to completely define a component part or an assembly of parts for 
the purpose of design, analysis, manufacture, test, and inspection. 
Product definition data underlies: CAD (computer assisted design) 
data; CAM (computer assisted manufacturing) data; configuration 
management data; group technology data; process planning and 
control data; engineering design data; bill of material data; inventory 
data; technical publications data; and other databases. The result 
is a body of product data comprised of drawings, analytical models, 
technical manuals, provisioning plans, training plans, etc. 
The scope of product definition data is still expanding within 
CALS to include more logistic and support  concepts. T h e  
government’s acquisition needs can be much more demanding than 
in private industry. When DoD acquires a weapon system, it must 
also acquire technical data to support design, manufacturing, 
operations, maintenance, and spares procurement. Product data 
include all product definition data plus data elements necessary to 
fully support a product for all applications over its expected life 
cycle, includmg: 
1. maintenance planning; 
2. manpower and personnel; 
3. supply support; 
4. support equipment; 
5. technical data; 
6. training and training support; 
7. computer resources support; 
8. facilities; 
9. packaging, handling, storage, and transportation; and 
10. design interface. 
These areas comprise the logistics of using that product. Product 
definition data under CALS Phase 2 considers the product as fielded, 
hence, can be expected to include support and logistic data. Logistic 
Support Analysis (LSA) is the set of tasks which develops this product 
data. 
Much of this fielded support and logistic data is currently 
produced via electronic publishing technology. Current CALS 
standards encode the text, illustrations, drawings, photographs, and 
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other representations found in technical publications. Different CALS 
standards apply in the creation and viewing of technical publications, 
depending on whether we encode the presentation of source data, 
or the source data itself. Source data can include the digital text, 
CAD data, or other original data about the product encoded by the 
author, designer, or creator. 
There are several presentations of source data which might be 
used to encode technical publications. A raster page image might 
encode the fully composed physical or electronic representation of 
a single and complete page of a document (with manuscript text 
and graphic image combined). The CALS standard MIL-R-28002 
defines engineering drawing and technical manual illustration 
requirements for raster images. 
Another presentation of technical data is as a picture where the 
line work is composed of digital vectors. Vector graphics provide 
greater flexibility in editing the illustration. Computer Graphics 
Metafile is an easy to implement format to encode vector technical 
illustrations and can also be used to exchange pure raster images. 
The CALS standard MIL-D-28003 defines an application profile for 
delivery of technical manual illustrations using CGM. 
However, the original source data is still the most desirable 
format. Product data created on a CAD system can be output in digital 
form and transferred to another CAD system. The main formats 
targeted by CALS for transferring source CAD product data from 
one system to another include: 
-1GES-Initial Graphics Exchange Specification (ANSI Y14.26) 
-VHDL-Very High Speed Logic Integrated Circuit Hardware 
Description Language (IEEE STD 1076-1987) 
-PDES/STEP-Product Data Exchange using STEP/Standard for 
Exchange of Product Data (ISO/TCl84/SC4/WGl) 
-EDIF-Electronic Design Interchange Format (ANSI/EIA 548-1988) 
-1PC-Institute for Interconnecting and Packaging Electronic 
Circuits, IPC-D-350, 351, 352, 354 
-SGML-Standard Generalized Markup Language ( IS0  8879) 
Direct translators are not encouraged by DoD. 
Product Data Exchange  Specification us ing  S T E P  as a Prototype 
fo r  Future CALS Standards 
The growing interest in access and delivery of source product 
data means that users will create and maintain data models of the 
design rather than drawings and other documents which display it. 
They must develop procedures which maintain and check the product 
data so i t  uses only entities required by the standards. They must 
develop software methods to output the proprietary data in authoring 
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software into the formats required. 
Consider the history of the Initial Graphics Exchange 
Specification. IGES was developed as a format for encoding 
engineering drawings containing product information. IGES entities 
were developed from examining what commercial CAD software 
entities used to support applications. Figure 1shows the development 
strategy for IGES (in comparison to PDES). 
The drawings are encoded in a standard set of data records or 
entities. The data needed for each entity and the precise format for 
type of entity are agreed to in advance by members of the IGES 
Project. The members, all volunteers, cast ballots on each addition 
or modification to these entities. This entity selection continued while 
the CAD software tools themselves were still evolving from drafting 
tools to full design databases. 
As the Initial Graphics Exchange Specification entered actual 
production use, it became clear that specifying an entity set and format 
was not enough. Some CAD vendors entities didn’t match the IGES 
entities exactly. Sometimes different vendors had much different ways 
of encoding the same application information. Some vendors had 
much more complex application databases than IGES could encode. 
The members of the IGES Project found themselves constantly 
modifying the specification to meet the needs of some particular 
application, user, or vendor. It rapidly became clear that the problem 
would not be solved by adding entities to IGES. The IGES developer 
attempted to improve translation results by restricting users to a 
“subset” of entities, defined for each application. MIL-D-28000 
currently requires each application making delivery in IGES to use 
a small subset of entities to encode its engineering data. Application 
subsets were defined to completely and unambiguously represent the 
information requirements of a product for a particular application 
of digital product definition data. These application subsets are 
defined for technical publications, engineering drawings, electrical 
products, and numerical control. 
It was determined that the present subset requirement i s  
incomplete. Users found that, to complete a transfer, they first had 
to “flavor” the data for correct processing on the target system. 
Flavoring is required because no two systems use the same Initial 
Graphics Exchange Specification in precisely the same way. Mark 
Palmer of NIST said: “Just giving a subset of IGES entities and 
demanding their use in delivery is not enough. A complete protocol 
is needed to encode and decode the product model in IGES. An 
application protocol is needed whether IGES, PDES, or any other 
format is used” (CALS Report, 1988, p. 12). 
It is now clear that a complex protocol is needed to successfully 
transfer data regardless of what format is used. These application 
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Figure 1. Comparison of IGES and PDES/STEP Development Strategies 
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protocols are formal data transfer procedures negotiated and used 
by sender and receiver for use in a particular application. The 
requirements for application protocols were developed by the IGES/ 
PDES Application Validation Committee. 
Application protocols consist of seven components: 
1. application conceptual information model which describes the 
information to be transferred; 
2. 	detailed glossary for the information model to define its data 
elements; 
3. 	detailed specification of constraints and business rules for the 
information model; 
4. list of permitted IGES (or other format) entities; 
5 .  	restrictions on use of the IGES directory entry and parameter data 
sections for IGES entities; 
6.  	specific rules for the use of each IGES entity; and 
7. 	 test cases and accompanying documentation. 
With all seven components of the protocol completely described, the 
transfer of data between users would almost be error free. The CALS 
program has indicated that application information models available 
from the Product Data Exchange using STEP and other standards 
activities would be the point of departure for all digital data delivery 
negotiations. MIL-D-28000 now has the inclusion of application 
protocols as a long range goal. 
Product Data Exchange using STEP entities will be decided from 
the information needs of the applications themselves. Table 2 lists 
some of the current application information modeling efforts 
underway to guide PDES development. The application committees 
would create information models of what their disciplines required 
and a logical set of entities would be defined to encode them. This 
should give rise to a smaller number of entities with less redundancy. 
The modeling effort now involves hundreds of members of the PDES 
Project in the United States and the STEP project worldwide. 
The Product Data Exchange using STEP began as an improve- 
ment to the Initial Graphics Exchange Specification. Standard for 
Exchange of Product data is the IS0  effort corresponding to PDES. 
PDESISTEP data entities and relationships are being designed from 
the common patterns found in many data models of application 
information. Developing these data models has turned out to be a 
long and hurculean task. What was once envisioned as a mere 
extension of the IGES format, however, has now become the largest 
internationally coordinated knowledge engineering initiative since 
the emergence of the technical journal. 
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When ready, the Product Data Exchange using STEP will be 
used in defense contracts to define the information content of the 
Integrated Weapon System Data Base (IWSDB), and, as a result, the 
allowable queries and data available. PDES is a “genetic code” of 
product features which can be used to make the product, test it, and 
support it. It will have a major impact on electronic publishing and 
the CALS standards and requirements that control their creation. 
PDES application committees are currently creating information 
models of their dsciplines. Some committees use the IDEFlx language 
to model their disciplines, others use NIAM, but IDEFlx and NIAM 
are graphical languages for showing data models by documenting 
data elements and relationships. This is particularly useful in 
discussing the models in committee. All models, however, must be 
converted to a database and must be “compiled”-i.e., the model 
definitions must be processed. Thus all models are required to be 
presented in a processable language called EXPRESS. EXPRESS is 
the only “official” data modeling language for the Product Data 
Exchange using STEP. 
MODEL-BASEDELECTRONICPUBLISHINGAND 
NEWDEMANDSON SYSTEMS 
Clearly, designing model-based application databases is the final 
enabling technology for the Integrated Weapon System Data Base. 
The defense industry is now preparing to offer Contractor Integrated 
Technical Information Services (CITIS) to create and maintain these 
IWSDBs for the government. The Product Data Exchange Specyfi- 
cation, as the first public attempt to standardize, publish, and 
implement engineering information models, has captured center stage 
as a possible IWSDB technology. The CALS vision of PDES for a 
particular application is not only the specification of a format, but 
also a knowledge base as well. Electronic publishers will not just 
dump data out in a prescribed format. They must assure that the 
data has the right meaning-i.e., i t  implements the information model 
in the standard. All technical publications must retain their 
relationship to the product models they represent. 
This will require that vendors design their software products 
to implement an arbitrary EXPRESS or other processable database 
definition-a tremendous challenge. Sandy Ressler, of the National 
Institute of Standards and Technology (NIST), has created the first 
database automatically generated from an EXPRESS Product Data 
Exchange using STEP model. The first step uses an extension to 
the NIST EXPRESS Parser (called “FEDEX”) to read in the 
EXPRESS file. Then a report is generated of XEROX SMALLTALK 
class definitions. Then, the physical file is parsed to populate the 
SMALLTALK objects. A SMALLTALK model editor can then query 
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the object base to export the PDES product definition. Ressler is 
also experimenting with hypertext representations of the PDES 
standard itself. 
Despite this complexity, the NIST prototype demonstrates how 
model based application protocols will make life easier. The clumsy 
“flavoring” translations users now program for IGES and other 
formats would be performed automatically by the CAD and electronic 
publishing vendor software. There will be standard, published data 
models to cite in contracts and use on projects. Professional societies 
could maintain and certify them and the DoD could furnish them 
to contractors. A host of concurrent engineering software tools could 
be designed to access them. 
The notion of information model guided access to design data 
is influencing the development of the other CALS standards. Figure 
2 shows the emerging information models and application protocols 
for other selected CALS standards. 
The CALS SGML standard for technical publications MIL-M- 
28001 is based on the existing federal standards for the design, content, 
and format of technical publications, primarily MIL-M-38784B. 
Hence its current SGML tag set is oriented toward encoding the 
structure and layout of the publication, rather than the infomation 
content of the document itself. 
The CALS Industry Steering Group (ISG) Pageless Tech Manual 
(PTM) subcommittee is concerned with freeing the publication 
information from the paper medium that presents it. The PTM 
subcommittee has completed a draft Pageless Tech Manual 
Specification and forwarded i t  to the ISG for review (ISG/PTM, 1989). 
The PTM spec details the conceptual basis for PTM. It also references 
two information models, the Air Force developed Content Data Model 
(CDM) and a NIAM information model not yet completed. 
The Content Data Model information model for technical 
publications is under development by David Gunning and Mark Earl 
of Wright-Patterson AFB (U.S. Air Force, 1989). The information 
modeled by the CDM represents the core information of many diverse 
technical publications in use by the Air Force. The CDM model is 
expressed as the SGML tags needed to identify core information in 
a technical manual prepared for CALS compliant delivery. 
The Content Data Model tags set was developed under the Air 
Force Human Resources Laboratory (AFHRL) Integrated Mainte- 
nance Information System (IMIS) project. The IMIS concept creates 
a format independent relational database of text fragments. The 
meaning and content of each fragment is described in the CDM and 
identified in contract documents by SGML tags. The name and use 
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of these tags is guided by the Document Type Definition (DTD) and 
other application guidance. Eventually, these tagged data may be 
moved from source documents to the IMIS database management 
system and be available for all support applications. The Content 
Data Model will be a component of the joint Air Force/Navy 
Specification for Digital Type C Technical data (see CALS Report, 
1989). The planned outline for the specification is: (1) general content, 
style, and format; (2) revisable, neutral data; (3) interchange; (4) view 
package definition; ( 5 )  view package formatting; (6) presentation 
system function requirements; and (7)quality assurance. 
The CALS standard for Logistic Support data is based on the 
various support plans compiled by DoD. An information model for 
this data is being developed by Battelle Institute and D. Appleton 
Company under contract to the National Institute of Standards and 
Technology. Battelle is basing the model on a proposed relational 
schema design for Logistic Support Analysis Record (LSAR) database 
documented in MIL-STD-1388 2A and 2B. The guidance for encoding 
data in LSAR will be given by MIL-STD-1388 1A (LSA [Logistic 
Support Analysis]). 
U.S. Army AMC/MRSA has released a coordination draft of MIL- 
STD-1388-2B, “DoD Requirements for a Logistic Support Analysis 
Record.” 5 MRSA (Material Readiness Support Activity) is responsible 
for MIL-STD-1388-2B, which will become the new standard for LSAR 
as relations in a Relational Database Management System (RDBMS). 
The new standard will include a government developed Joint Service 
LSAR Relational ADP System. This ADP System will create LSAR 
relations in a user-supplied RDBMS and will include the C Language 
code with embedded Structured Query Language (SQL) calls that 
will set up  the Logistic Support Analysis Record database. This LSAR 
revision will greatly facilitate its integration with CAD/CAM, Tech 
Pubs, and other defense applications. The standard is scheduled for 
release in early 1990. 
The continuing relationship between CALS and LSAR is 
summarized below: 
DoD REQUIREMENTS MODE OF OPERATION CONTRACTOR SYSTEMS 
MIL-STD-1388-2A Flat Files For Data Delivery Choice Of Proprietary 
Government Batch System Interfaces Validate With 
Test Data 
MIL-STD-1388-2B Relational Tables For Data Choice Of Proprietary 
Delivery Gov’t Relational 
DBMS Test Data 
Interfaces Validate With 
Planned MIL-SPEC Shared Government Access, Standards For Access & Data 
Delivery Options Management 
Common Data Model Validate Mapping To Com-
mon Data Model 
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Robert L. Terrell (1989), division director, Technology 8c 
Telecommunications, U.S. Department of Energy (DOE), Office of 
Scientific and Technical Information, said that federal agencies must 
tailor and enhance CALS to meet the broader needs for Scientific 
and Technical Information (STI). STI is used for a variety of support, 
administrative, scientific, and other purposes and for providing 
information of different types. Terrell says that CALS’ profiles of 
standards provide a good start on specifying STI delivery in forms 
suitable for these uses. 
The five agencies funding the bulk of the $65 billion federal 
R&D now participate in an interagency organization called CENDI 
(pronounced “cendy”) derived from the first letter of each agency 
plus Z for information. The five federal agencies, who in turn, are 
served by five STI functional organizations, are: 
AGENCY STI FUNCTIONAL ORGANIZATION 
Commerce National Technical Information Service (NTIS) 
Energy Office of Scientific and Technical Information (OSTI) 
NASA Scientific and Technical Information Division (STID) 
Health National Library of Medicine (NLM) 
Defense Defense Technical Information Center (DTIC) 
CENDI is a cooperative organization which develops ways to improve 
productivity of federal R&D through efficient and responsive 
information programs. 
CENDI established a Working Group on Standards, Guidelines, 
and Authorities in May 1988. Its purpose is the inventory and 
coordination of CENDI activities in development of de facto, national, 
and international standards. The  major information sharing/ 
processing issues among CENDI agencies are: (1) electronic 
publishing; (2) electronic information interchange; and (3) in-
formation processing standards applications. The  working group 
sees the lack of acceptable standards as inhibiting development 
in these areas. 
Farrell says that CALS “standards” are really “applications” of 
those standards to defense support needs. For example, FIPS 152 
(SGML) is the civilian citation of SGML but is hard to apply in 
contracts. MIL-M-28000 is an application of FIPS 152 to technical 
publications. Farrell says that agencies can use part of the CALS 
ideas for STI but not the CALS specification verbatim. Federal 
agencies must develop tag sets for their own needs. 
BEAZLEYAMPACT OF CALS 813 
The growing awareness of model-guided data access is leading 
to the need to combine these “information models” into a super 
information model of some kind. An advanced version of a Product 
Data Exchange using STEP is considered a leading candidate for 
such a super model. DARPA’s (Defense Advanced Research Projects 
Agency) Initiative in Concurrent Engineering (DICE) will probably 
extend PDES to meet the new integration needs. Concurrent Engineer- 
ing (CE) refers to consideration of physical and logistic performance 
of a product early and concurrently in the procurement cycle. The 
DICE program is combining DoD, university, and industry research 
on artificial intelligence, informaiton science, man-machine 
interfaces, and design behavior. 
WHAT’S AHEAD FOR CALS 
Work now underway to define CALS Phase 1.2 and Phase I1 
Core Requirements will broaden the application environment for 
the current CALS standards, and in selected cases define requirements 
for additional digital data interchange and access standards. Examples 
include: 
-The Office Document Architecture and Interchange Format (ODA/ 
ODIF) for presentation and layout, and the Standard Page 
Description Language (SPDL) for image delivery of technical 
publications. ODA/ODIF is an explicit document architecture and 
interchange format standard which allows exchange of compound 
documents (i.e., documents composed of various context types such 
as character, raster graphics, and geometric graphics content). 
-The Information Resource Dictionary System (IRDS) for 
management of data element definitions and their relationships, 
and the Structured Query Language for data access. IRDS will 
be a tool for configuration management of data resources, including 
structured databases, graphics databases, paper, microfiches, and 
other media. 
-The Pageless Technical Manual joint-service requirements. PTM 
requirements will be tested on the LHX, A-12, and ATF programs. 
The draft specification, due March 1990, will cover: content, style, 
format requirements; revisable source data; extraction and display 
formatting; presentation systems; quality assurance; etc. After 
testing, DoD expects to use the standard throughout DoD. 
CALS development of these current and future industry standards 
is being accomplished jointly by DoD, NJST, and by industry users 
and vendors. 
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NEWROLESFORTHEELECTRONIC 
PUBLISHINGCONTRACTOR 
These changes indicate a new role for the electronic publisher 
inside a contractor facility. Such a publisher must serve as: 
-Data conversion specialist, performing and assuring conversion of 
data into formats compatible with the target system in accordance 
with required application protocols. 
-Database administrator, controlling the structure and content of 
the document in accordance with government-furnished document 
type definitions or other schemes. 
-Configuration manager, controlling not only versions of the target 
document/database but also constituent drawings, tables, 
illustrations, and other databases. These might be assembled for 
review, approval, etc. and could be printed, viewed on a screen, 
transmitted on a network, or even assembled on optical media. 
The whole character of a contractor’s relationship to his 
subcontractors will change also. Word processing subcontracts are 
a favorite way to meet small business subcontracting requirements. 
Those subcontractors who do not understand or cannot afford to 
comply with CALS guidelines will require special attention to assure 
quality and conformance to requirements. 
FORMOREINFORMATION 
For more information on obtaining copies of C A L S  standards, contact: 
Ellen Trager, U.S. National Institute of Standards and Technology, 
Building 233, Room B107, Gaithersburg, MD 20899,301/975-6642. 
For more information on DoD C A L S  Policy, contact: Michael F. 
McGrath, director, DoD CALS Policy Office, OASD(P&L), 
Pentagon, Room 2B-322, Washington, DC, 202/697-0051. 
For information on IGES documentation, contact: 
IGES Version 4.0 - PB 88-235-452 703/487-4650 

NTIS 

ANSI Standard ASME Y14.26M-1987 212/705-7703 
Applications Guides IGES Office 301/975-3547 
Testing Methodology IGES Office 301/975-3547 
I S 0  standards (including I S 0  8879)and A N S I  standards are availa- 
ble from: the American National Standards Institute, Inc., 1430 
Broadway, New York, NY 10018. 
For more information on ODA,  contact: Lawrence A. Welsch, man- 
ager, NIST, Office Systems Engineering Group, ICST, Gaithers- 
burg, MD 20899, 301/975-3345. 
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STANDARDS POINTSORDERING 
Those who wish to obtain specifications or standards may place 
phone orders or obtain ordering information, at the following 
numbers, for documents of the Standards Organizations indicated. 
Issuing Organization Source for Reprints Phone Number 
CCITT OMNICOM 703/281-1135 
NTIS 703/487-4650 
ANSVISO ANSI/ISO Sales 212/642-4900 
FIPS PUBS NTIS 703/487-4650 
SONE Special Pubs Government Printing 
Office 
202/783-3238 
Federal Standards General Services 
Administration 
202/472-2205 
MIL-STDS & 
MIL-SPECS 
NPFC [No Charges] 215/697-3321 
(Toorder by TOES 
- see Bulletin 16) 
215/697-1187 
AV 442-1187 
All Government & 
Industry Standards 
NSA 800/638-8094 
EIA EIA 202/457-4900 
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